We aimed to determine whether the detection-to-treatment interval of non-symptomatic breast cancer is associated with factors that can predict survival outcomes. A retrospective review of the Breast Surgery Department Database at Peking Union Medical College Hospital (PUMCH) was performed, and a total of 1084 non-symptomatic invasive breast cancer patients were included. The findings revealed that detection-to-treatment interval was significantly longer for women who were older (p = 0.001), lived in rural areas (p = 0.024), had lower education (p = 0.024), and had detection in other institutions (p = 0.006). Other sociodemographic and clinicopathological characteristics were not associated to longer interval. A median follow-up of 35 months (range: 6-60 months) was carried out and a long delay at more than 90 days did not significantly decrease the DFS (univariate, P = 0.232; multivariate, P = 0.088). For triple negative breast cancer, there was a worse DFS if the interval was longer than 90 days both in multivariate analysis (hazard ratio [HR] = 3.40; 95% CI, 1.12-10.35; P = 0.031) and univariate analysis (HR = 2.86; 95% CI, 1.03-7.91; P = 0.042). Further studies on care before initial treatment of non-symptomatic breast cancers are warranted.
Long intervals between detection of breast cancer and therapy initiation may affect the prognosis. A delay may lead to disease progression or treatment complications. There are many factors that may contribute to the delay of treatment and, although many studies have assessed how this may have influenced recurrence and survival, the results have been conflicting [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . A British study showed that treatment delays, when defined as having treatment symptoms for more than 12 weeks, adversely affected the prognosis 10 . Another study in Asian breast cancer patients indicated that delays of more than 6 months resulted in worse disease-free survival 4 . However, other studies have found no significant association between time-to-treatment after detection and the pathological diagnosis of breast cancer and survival rates 3, 6, 8, 9, 11 . Breast cancer is the most frequent type of cancer in Chinese women and the age-standardized rate is 21.6 cases per 100 000 women 12 . As imaging screening is becoming more and more common, a large number of early breast cancers have been detected by screening rather than obvious symptoms. However, there has been scarcity of information on delay in the treatment initiation of screening detected non-symptomatic breast cancer. In this study, we investigated the demographic and clinicopathological factors associated with delay of the initiation of treatment after screening and the detection of non-symptomatic breast cancer, and we assessed the impact of delay of treatment on patient survival. frozen section examination were performed, followed by definitive surgeries immediately. Their median interval between screening detection date and the date of initial treatment was 38 days (range: 3-282 days). A total of 792 (73.06%) women received the first treatment within 90 days of detection, and 292 (26.94%) received their first treatment more than 90 days after detection.
Factors predicting the interval before treatment initiation. Various factors were associated with a longer interval between screening and detection and the initiation of treatment (Table 1) . The interval was significantly longer for women who had an older age (47.84 ± 13.67 vs. 44.92 ± 11.71, p = 0.001), those who lived in the rural areas (p = 0.024), those who had lower education (p = 0.024), and those who had the screening detection in other institutions (p = 0.006). Menstrual status and marital status were not associated with longer intervals between detection and the initiation of treatment (p > 0.05). There was no significant association between breast cancer family history and comorbid conditions and longer intervals to treatment (p > 0.05). www.nature.com/scientificreports www.nature.com/scientificreports/ Pathologically, tumor size, tumor grade, molecular subtype, and axillary lymph node involvement were not associated with longer intervals between detection and comorbid conditions and the initiation of treatment (p > 0.05).
Survival analysis between groups with different intervals (≤90 days vs. >90 days).
The median follow-up time was 35 months (range: 6-60). In the group with an interval within 90 days, the 3-year Kaplan-Meier estimates for DFS was 96.1% ( Fig. 1 ). In the group with an interval longer than 90 days, the 3-year Kaplan-Meier estimate for DFS was 93.0% ( Fig. 1) . The log-rank comparison indicated no significant difference in DFS (P = 0.232) in the group with an interval less than 90 days compared to the group with an interval longer than 90 days.
Independent prognostic factors for DFS included in the multivariate analysis were age, tumor size, nodes status, tumor grade, molecular subtype, and interval from screening detection to the initiation of treatment (Table 2 ). Long delays before treatment of more than 90 days did not significantly decrease the DFS (Hazard Ratio [HR] = 1.74; 95% CI, 0.92-3.30; P = 0.088) after adjusting for other prognostic factors.
Stratification by molecular subtype. In addition, we investigated the effect of interval from screening detection to treatment initiation on survival by analyzing breast cancer molecular subtypes. In the univariate analysis, patients receiving their initial treatment more than 90 days from detection had a worse DFS than those who received treatment at an earlier time in TNBC (HR = 2.86; 95% CI, 1.03-7.91; P = 0.042), but not in luminal-A (HR = 1.34; 95% CI, 0.33-5.39, P = 0.672), luminal-B (HR = 0.87; 95% CI, 0.16-4.54; P = 0.874), or HER2 + tumors (HR = 2.14; 95% CI, 0.56-8.15; P = 0.262) ( Table 3) . After adjustment for age, the results were Table 2 . Cox proportional hazards regression model analysis of disease-free survival. HR: hazard ratio, CI: confidence interval, LN: lymph node, TNBC: triple negative breast cancer. *Differences were considered significant at P < 0.05.
www.nature.com/scientificreports www.nature.com/scientificreports/ maintained for tumor grade, tumor size, and node status. For those patients with TNBC disease, delayed treatment had a significant influence on DFS (HR = 3.40; 95% CI, 1.12-10.35; P = 0.031). In contrast, patients with HER2 + , luminal-A, and luminal-B tumors, and those who received delayed treatment had a HR of 2.65 (95% CI, 0.57-12.31), 1.18 (95% CI, 0.26-5.28), and 0.76 (95% CI, 0.08-7.19) for DFS, respectively, when compared to those who started initial treatment earlier (Table 3) .
Discussion
Breast cancer delay, which is defined in the literature as more than 90 days between symptom detection and the initiation of definitive breast cancer treatment (radiation therapy, surgery, chemotherapy, endocrine therapy, or targeted therapy), is a major medical problem in low-and middle-income countries 1, [13] [14] [15] . Some studies have divided this problem into two parts: (1) patient delay defined as the time between symptom manifestation and the first medical consultation, and (2) provider delay defined as the interval between the first medical consultation and the initiation of definitive treatment 1, 13, 16 . However, this classification is over-simplified and arbitrary, because patient factors and health care provider factors are always intertwined in the whole process from the discovery of breast abnormality to treatment initiation. On the one hand, patients' age, socioeconomic status, psychological and cognitive factors, and lack of medical knowledge can all exert an important influence on almost all phases of care-seeking process. On the other hand, the accessibility and efficiency of health care system are not always satisfactory in developing countries, which are barriers for breast cancer patients to obtain timely diagnosis and treatment [17] [18] [19] . Along with this total breast cancer delay, some studies also focus on other intervals: detection-to-diagnosis interval, diagnosis-to-treatment interval, and in-hospital interval (the time between the first consultation and the beginning of treatment) 20 .
A number of studies have determined whether a delay in diagnosis and treatment has an adverse impact on the survival rate of breast cancer 6, 8, 10, 11, 21, 22 . A meta-analysis that included 38 studies found delays of 3-6 months were significantly associated with worse survival 23 . Two population-based cohort studies from South Korea indicated that longer intervals between diagnosis and treatment initiation were associated with poor overall survival in breast cancer 24 . However, Mujar et al. reported that delays over two months in time to treatment had no impact on breast cancer survival rates 25 . Yoo et al. found an interval between pathological diagnosis and treatment initiation of 60 days or less did not adversely affect DFS of breast cancer 11 . In addition to the conflicting conclusions, most of the previous studies assessed the effects of symptom-to-treatment interval or diagnosis-to-treatment interval, and there has been no study focusing on detection-to-treatment interval of non-symptomatic breast cancers. With the development of medical service and tumor screening, more and more non-symptomatic early-stage breast cancers have been detected by imaging approaches like mammography and ultrasound 26 . For these breast cancer patients, whose diseases were mostly of early stages, it was unclear whether the detection-to-treatment interval was associated to any sociodemographic or clinicopathological factors, or whether it could predict survival outcomes.
This study focused on the delay of treatment initiation of screening detected non-symptomatic breast cancer. In China, core needle biopsy is not routinely used to make pathologic diagnosis for breast disease because of economic and technical reasons. In most parts of China, diagnostic open excisional biopsy and intraoperative frozen section examination are commonly used to identify the pathology of primary tumors in more than 80% of breast cancer cases 27 . Similarly, in our routine procedure, we will first perform open excisional biopsy for suspicious breast lesions. If the frozen section reveals malignancy, a definitive surgery will be carried out immediately. In this scenario, pathologic diagnosis and definitive surgery are performed on the same day. For this study, 96.8%(1049/1084) of the total cases were like this. We have reason to believe that, to a great extent, "detection-to-treatment interval" can also reflect "detection-to-diagnosis interval" in this study.
This study suggested that detection-to-treatment interval longer than 90 days was significantly more common in women with older age. Previous studies showed that older women more often had a delay in treatment after a diagnosis of breast cancer, because they may attribute the early signs of tumor to the impairs caused by ageing and menopause 21, 28 . In addition, older women are more likely to believe in fatalism, thinking that how long they can live is predestined and can hardly be changed 21 . Some studies also confirmed that, in older patients, a delay could be the result of negative attitudes toward seeking care and fear regarding the consequences of the diagnosis of breast cancer 29 .
We discovered that patients living in rural areas were more likely to postpone breast cancer treatment. There was a large urban-rural disparity worldwide in the diagnosis and treatment of breast cancer, and it is especially severe in China 30, 31 . In rural areas, many patients lack health insurance coverage, and their incomes are not always enough for the high medical expense of cancer care. This low socioeconomic status is a barrier to timely health www.nature.com/scientificreports www.nature.com/scientificreports/ care access 1, 13, 17 . In addition, the quality and accessibility of health care system are not satisfactory in the countryside of China. Because of the lack of high-quality medical service, those who live in rural areas usually must spend more effort and time arranging visits for diagnosis and treatment because medical services in cities with high population numbers are usually much better than those of the countryside 12 .
In our study, higher education was associated with shorter delays. It seems that people who are highly educated employ more effective and on-time measures to take care of their health problems in comparison with less-educated people 28, 32, 33 . It is also important to keep in mind that complementary and alternative medicine (CAM), which includes herbal medicine, acupuncture, and massage, is very popular among less-educated people, especially in Asian countries. It was reported that use of CAM was associated with delays in the detection, diagnosis, and treatment of breast cancer 34 . However, the efficacy of CAM is uncertain for breast malignancy. Another factor contributing to the interval was whether the tumor was screening detected in other institutions. In China, the appointment and referral system of medical service has not been well established 35 . As a result, on screening detection of breast cancer in local hospital where the medical service is not satisfactory, patients usually have to go to high-volume hospitals in big cities such as Beijing and Shanghai. However, the waiting time is usually very long due to the long queues in every step of health care seeking 17, 26 . That is a very complicated, expensive, and time consuming process which will inevitably lead to delay of treatment.
This study established that a delay in the initiation of treatment at a cut-off point of 90 days after screening detection had no influence on DFS in non-symptomatic breast cancer, by both univariate and multivariate analyses. However, subgroup analysis showed that patients receiving initial treatment more than 90 days from screening detection had a worse DFS than those who received initial treatment at an earlier time in TNBC, but not in other molecular subtypes. There are no previous studies that have reported on the influence of treatment delay on patient survival considering various molecular subgroups. However, a retrospective review of TNBC patients suggested that there was a tendency toward worse overall survival with delays of more than 90 days. This result, however, was not statistically significant (p = 0.06) 6 . TNBCs have a higher proliferation rate and nuclear grade compared to other molecular subtypes. Both of these attributes contribute to biologic aggressiveness and increased risk of recurrence 36 . According to our results, the waiting time before initial treatment of TNBC patients should be shortened to obtain a better outcome.
There are a number of limitations in this study. First, and most importantly, caution should be used with retrospective studies because of the potential for confounding factors to influence the results. However, a prospective study that evaluated the effect of delay when treating breast cancer would be unrealistic and unethical. Second, our sample size may not have been large enough to draw a definitive conclusion regarding the impact of delays to the initiation of treatment on survival, especially for longer intervals. Actually, in this study we also tried 120 days or 150 days as the cut-off point, however, the number of cases in the longer delayed group would be so small that it was hard for a statistical analysis. The follow-up is also relatively short. Thirdly, because most of our patients received breast surgery followed by adjuvant chemotherapy, the neoadjuvant rate was low in our study. Furthermore, because we were focusing on the screening detected non-symptomatic breast cancers, the tumor stage was more likely to be early. In this cohort, more than 85% of the tumors were smaller than 2 cm, and less than 20% of them had node metastases. Future studies should also carefully explore the effect of delay to treatment in tumors with more advanced stages.
In conclusion, our findings revealed that the delay interval between detection and treatment initiation of non-symptomatic breast cancer was significantly associated to age, residential place, education, and place of screening detection. There is no difference in disease-free survival whether the interval is longer than 90 days or not. However, in TNBC patients, a worse survival seems to be possible when the interval exceeds 90 days. Further investigation is needed to assess additional predictors influencing delay and its effect on survival.
Methods
Ethics statement. Approval was obtained from the independent ethical committee/institutional review board of PUMCH. All included study patients provided written informed consent. We obtained permission of PUMCH to collect data from the Breast Surgery Department Database. Our methods were carried out in accordance with the relevant regulations and guidelines.
